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ABSTRACT
We present the interferometric, full-polarisation observations of the four ground-state
transitions of OH, toward five confirmed and one candidate OH-emitting planetary
nebulae (OHPNe). OHPNe are believed to be very young PNe, and information on
their magnetic fields (provided by their polarisation) could be key to understand the
early evolution of PNe. We detect significant circular and linear polarisation in four
and two objects, respectively. Possible Zeeman pairs are seen in JaSt 23 and IRAS
17393-2727, resulting in estimates of magnetic field strengths between 0.8 and 24 mG.
We also report the new detection of OH emission at 1720 MHz toward Vy 2-2, making
it the third known PN with this type of emission. We suggest that younger PNe
have spectra dominated by narrow maser features and higher degrees of polarisation.
Shock-excited emission at 1720 MHz seems to be more common in PNe than in early
evolutionary phases, and could be related to equatorial ejections during the early PN
phase.
Key words: magnetic fields – masers – polarization – stars: AGB and post-AGB –
planetary nebulae: general
1 INTRODUCTION
Planetary nebulae (PNe) are one of the last phases in the
evolution of low and intermediate mass stars (0.8 − 8 M⊙).
Their immediate precursors are stars in the asymptotic giant
branch (AGB), characterized by a strong mass-loss (with
rates up to 10−4 M⊙ yr
−1, Blo¨cker 1995a), followed by a short
(≃ 102−104 yr, Blo¨cker 1995b) transitional post-AGB phase.
While the morphology of the mass-loss processes in the
AGB is mainly spherical, PNe usually show complex bipolar
and multipolar structures. It is thought that the shaping of
these asymmetrical PNe is determined by highly collimated
jets ejected during the post-AGB and early PN phases,
which open cavities in the previously ejected AGB envelope
(Sahai & Trauger 1998). However, the ultimate powering
agent of these jets and their timescale of action are still
largely unknown. A reasonable assumption is that jets in
post-AGBs and young PNe are launched and collimated by
magnetic fields (e.g., Garc´ıa-Segura, Lo´pez, & Franco
2005; Nordhaus & Blackman 2006;
⋆ E-mail: jfg@iaa.es
Tocknell, De Marco, & Wardle 2014), likely requiring
the presence of binary central stars (Soker 1998; De Marco
2009; Garc´ıa-Segura et al. 2014; Soker 2014).
OH masers are potentially important tools in the study
of the transition to PNe, due to their timescales of pumping
in evolved objects. OH masers are expected to disappear
≃ 1000 years after the end of the AGB mass-loss (Lewis
1989; Go´mez, Moran, & Rodr´ıguez 1990). Considering that
the post-AGB phase lasts ≃ 102 − 104 yr (depending on the
stellar mass), PNe showing OH emission are expected to be
very young. Very few members of this special type of OH-
emitting PNe (OHPNe) are known: (Zijlstra et al. 1989) ini-
tially cataloged 12 possible OHPNe, mainly based on single-
dish OH data, while interferometric data (Uscanga et al.
2012) confirmed only 6 sources as bona fide members of this
class. A seventh OHPN has been recently confirmed (IRAS
16333-4807, Qiao et al. 2016). These objects could be among
the youngest PNe, and therefore, key objects in the study of
PN shaping. Moreover, the presence of OH masers is impor-
tant from a practical point of view, since their polarimetric
observation can provide information on the magnetic field
strength, by measuring Zeeman splitting. The presence of
c© 2016 The Authors
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magnetic fields would cause the two sigma-components of
the OH lines, seen to be circularly polarised when the field
is not purely in the plane of the sky, to be shifted alter-
nately in frequency (see Green et al. 2014, for a recent re-
view in the context of maser emission), in what is known as
a “Zeeman pair”. This splitting typically results in a char-
acteristic S-shaped profile in spectra of the Stokes V pa-
rameter (with a negative and a positive peak close together
in frequency). Through examining this profile and its char-
acteristics for multiple sources, it is then possible to study
whether magnetic fields play a significant role in the shap-
ing of PNe. Magnetic field strengths have been estimated for
several AGB and post-AGB stars using polarimetric maser
observations of OH, H2O, and SiO (Vlemmings 2012), show-
ing ordered magnetic fields of a few G close to the central
star, and decreasing up to ≃ 1 mG at 1000 au. However,
such observations are scarce in PNe, given the low detection
rates of maser emission in this type of objects.
OHPNe do not seem to form an homogeneous
group (Uscanga et al. 2012). While objects such as IRAS
17347−3139 or K3-35 are optically obscured and/or com-
pact in size (≃ 10000 AU, de Gregorio-Monsalvo et al. 2004;
Blanco et al. 2014), others like NGC 6302 are optically
bright and very extended (≃ 1 pc, Szyszka, Zijlstra, & Walsh
2011), and thus, they are probably more evolved PNe. There-
fore not all OHPNe seem to strictly conform to their ex-
pected nature as extremely young PNe, and some other pro-
cess may sustain OH emission for a longer time than previ-
ously assumed. This apparent age spread within the OHPN
group is interesting, since it would allow us to study the evo-
lution of their properties, and to derive information about
the shaping of PNe. In particular, if magnetic fields are in-
deed a key factor in the powering and collimation of jets
leading to asymmetrical PNe, we would expect these fields to
be significantly stronger in obscured and/or compact (thus
probably younger) sources than in the more evolved ones.
Previous polarimetric studies of OH-emitting evolved
objects with single dish telescopes (Szymczak & Ge´rard
2004; Wolak, Szymczak, & Ge´rard 2012; Gonidakis et al.
2014) included OHPNe among their targets. These stud-
ies showed that, while circularly polarised OH features are
common in OHPNe, the detection of Zeeman pairs is far
more elusive. Interferometric observations have shown more
promising candidates. The only OHPN in which Zeeman
splitting has been distinctively detected is IRAS 16333-4807
at 1720 MHz (Qiao et al. 2016), with a derived magnetic
field strength of ≃ 11 mG. Another possible Zeeman pair
has been reported in K 3-35, at 1665 MHz (Go´mez et al.
2009), giving an estimate of B ≃ 0.9 mG. Both objects are
probably among the youngest PNe, as they are both OH and
H2O maser emitters (Go´mez et al. 2015).
In this paper we present interferometric, full-
polarisation observations of most of the known OHPNe, in
order to study the characteristics of their magnetic fields.
2 OBSERVATIONS AND DATA ANALYSIS
Observations were carried out with the Australia Tele-
scope Compact Array (ATCA), in its 6A configuration
(Stevens et al. 2015). We used the Compact Array Broad-
band Backend (CABB) in its 1M-0.5k mode, with 2 inter-
mediate frequency bands (IFs), each with a 2 GHz band-
width sampled over 2048 broadband channels of 1 MHz. We
obtained data in full polarisation (two linear polarisations
and their corresponding cross-polarisations, so as to form
the full Stokes parameters, I, Q, U and V). Both IFs were
centered at 2100 MHz, providing redundant data. We used
the first IF in our data processing, except when noted oth-
erwise. Twelve 1MHz broadband channels (four groups of 3
channels) were zoomed in, to provide a finer spectral resolu-
tion of 0.5 kHz to observe spectral lines. With this setup, we
observed the OH ground-level transitions of rest frequencies
1612.2309, 1665.4018, 1667.3590, and 1720.5299 MHz, with
a total bandwidth of 2 MHz each, sampled over 4096 chan-
nels of 0.5 kHz (total velocity coverage and resolution of 381
and 0.09 km s−1 at 1612 MHz, respectively). We observed a
total of 5 fields. The source PKS B1934-638 was used to set
the absolute flux scale and to calibrate the spectral response
of the instrument. Table 1 gives a summary of some addi-
tional observational parameters. The velocities in our data
are given to respect to the kinematic definition of the Local
Standard of Rest (LSRK).
Our main targets were five OHPNe, which represent
all confirmed sources of this class (Uscanga et al. 2012), ex-
cept IRAS 17347-3139, whose intensity and polarisation lev-
els (Tafoya et al. 2009) indicated that we would not have
enough sensitivity to detect polarised emission, and IRAS
16333-4807, which was confirmed as a OHPN after our ob-
servations were carried out (Qiao et al. 2016). Besides these
five main targets, the OHPN candidate IRAS 17375-2759
(with known OH emission, but whose nature as a PN is
not confirmed, Uscanga et al. 2012) was within the primary
beam of the observations toward JaSt 23, and its OH emis-
sion has also been processed, and presented in the following
sections. These observations are the first full-polarimetric
OH observations of these objects carried out with an inter-
ferometer.
We calibrated and processed the data using the miriad
software. When creating images, visibilities were weighted
with a robust parameter of 0.5 (as defined in task invert)
and deconvolved with the clean algorithm. For the broad-
band (continuum data) we first flagged out the channels in
which OH line emission could appear, and obtained maps
performing frequency synthesis using the whole 2 GHz band
(covering a frequency range of 1100-3100 MHz). OH spectra
of Stokes I, Q, U, and V were obtained with task uvspec,
applying a spatial shift corresponding to the distance from
the phase centre to the peak of the OH emission determined
from images. With the ATCA having native linear feeds, and
adopting the standard optical definition for the intensity of
circularly polarised emission (I = RCP + LCP, where RCP
and LCP stand for right and left circular polarisations, re-
spectively), our spectra of individual circular polarisations
were obtained as RCP = (I + V)/2 and LCP = (I − V)/2. Note
that this definition differs from that sometimes used in the
literature (RCP = I + V and LCP = I − V), especially with
data taken from radio telescopes with native circular feeds.
In those cases, the previously published LCP and RCP spec-
tra should be divided by two, for a proper comparison with
ours. The spectrum of the linear polarisation was obtained
as LINP =
√
Q2 + U2. Fractional polarisation was estimated
as pc = V/I, pl = LINP/I. The fractional linear polarisation
(pl) and its uncertainty were corrected by the noise bias us-
MNRAS 000, 1–16 (2016)
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Table 1. Observational parameters.
Target Phase centre Gain calibrator Date θ1612
a p.a.b
R.A.(J2000) Dec(J2000) (arcsec) (deg)
NGC 6302 17:13:44.47 −37:06:11.6 PMN J1733−3722 2012-AUG-14 11.8 × 6.1 −18
JaSt 23 17:40:23.08 −27:49:12.3 PMN J1713−2658 2012-AUG-15 15.9 × 5.6 0
IRAS 17393-2727 17:42:33.14 −27:28:24.7 PMN J1713−2658 2012-AUG-16 21.0 × 6.8 −38
Vy 2-2 19:24:22.22 +09:53:56.3 PMN J1938+0448 2012-AUG-16 39.5 × 6.2 −1
K 3-35 19:27:44.03 +21:30:03.6 PKS J1925+2106 2012-AUG-16 24.2 × 5.9 0
a Full width at half maximum of the synthesized beam for the images of maser emission at 1612 MHz. The beam size for the other
maser transitions scales as θ ∝ ν−1, where ν is the rest frequency. The beam parameters for the continuum emission are given in the
corresponding figures.
b Position angle (north to east) of the synthesized beam of maser emission.
ing the Modified Asymptotic estimator of Plaszczynski et al.
(2014), assuming no correlation between the noise in Q and
U. However, given the high signal-to-noise ratio of the OH
features with detected linear polarisation, this bias correc-
tion was small. We also determined the position angle of the
linear polarisation as ψ = 0.5 arctan(U/Q).
Uncertainties quoted throughout this paper are at a 2σ
level. The uncertainties in flux density only take into account
the noise in the images, and not the possible errors in the
determination of the absolute flux density scale. Likewise,
the positional uncertainties given here must be interpreted
as relative errors between sources in each map (or between
spectral components in the same source), and not absolute
astrometric errors (which are typically on the order of 10%
of the synthesized beam size). Upper limits are given at a
3σ level. In the case of the lineal polarisation, in which the
noise induces a positive bias, upper limits are calculated as a
3σ level above the mean of the linear polarisation spectrum.
3 RESULTS
3.1 Overview
3.1.1 Radio continuum
Radio continuum emission is detected in all six sources. The
emission is unresolved, except in the case of NGC 6302,
which shows clear extended lobes. Table 2 shows the param-
eters of the continuum emission, and images are presented
in Figs. 1, 3, 5, 7, 10, and 12.
3.1.2 OH emission
OH emission at 1612 MHz is also detected in all sources
(Table 3). This transition is the strongest of the observed
OH lines in all cases, as is usually the case in evolved stars.
Polarised emission is detected in most of them (the only
exceptions are NGC 6302 and IRAS 17375-2759). In some
cases, the spectra of the Stokes V parameter shows an S-
shape that may indicate the presence of a Zeeman pair.
However, the analysis of these spectra is complicated, since
most of the sources shows wide spectra, probably the result
of several blended OH components. These different compo-
nents could arise from different zones in the circumstellar
envelope and thus, have different polarisation behaviours.
Obviously, Zeeman pairs are more easily determined when
individual velocity features can be identified in the spectrum
(as in the case of IRAS 16333-4807, Qiao et al. 2016), but
in our sources only K 3-35 shows a spectrum with relatively
narrow and distinct components.
When the Zeeman splitting is larger than the Doppler
linewidth of the individual components, the magnetic field
can be readily obtained by measuring the velocity shift (∆v)
between the positive and negative peaks in the spectrum of
the Stokes-V parameter, with
∆v = AvB cos(θ), (1)
where Av is the coefficient that quantifies the Zeeman split-
ting (with values 0.123, 0.590, 0.354, 0.113 km s−1 mG−1
for the transitions at 1612, 1665, 1667, and 1720 MHz, re-
spectively; Palmer & Zuckerman 1967; Cook 1975), B is the
magnetic field, and θ is the angle between the magnetic field
and the line of sight.
However, if the velocity shift is smaller than the Doppler
linewidth, the magnetic field can be estimated by fitting the
V spectra as (see, e.g., Elitzur 1998; Modjaz et al. 2005):
V(v) = c1I(v) + c2
dI
dv
(2)
in the case of thermal emission or saturated masers or
V(v) = c1I(v) +
c2
dI
dv
c3 + ln
[
I(v)
I(v0)
] (3)
for unsaturated masers, where V(v) and I(v) are the spectra
of the V and I Stokes parameters, respectively, I(v0) is the
intensity of Stokes-I at the line centre, and c1, c2, c3 are the
parameters which are varied in the fit. The parameter c2
gives the measure of Zeeman splitting, and is directly related
to the magnetic field,
c2 =
k
2
AvB cos(θ), (4)
where k is a constant that depends on the emission mech-
anism involved (Elitzur 1998), and is k = 1 for thermal
emission, and 8/3p for maser emission, with p = 1 in the
unsaturated regime, while for saturated masers it is 1 for
filaments, 2 for planar masers, and 3 for three-dimensional
masers. Thus, with these fits, we can estimate the projec-
tion of the magnetic field along the line of sight (B cos(θ)).
We tried this fitting to all spectra of Stokes-V in our sources.
None gave meaningful results under the assumption of un-
saturated maser emission (eq. 3), while reasonable fits where
obtained for JaSt 23 in the saturated regime (eq. 2). The ab-
sence of pure Zeeman pairs in the rest of the sources can be
MNRAS 000, 1–16 (2016)
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Table 2. Parameters of radio continuum emission at 2100 MHz
Source R.A.(J2000) Dec(J2000) Errora S ν
b
(arcsec) (mJy)
NGC 6302 17:13:44.489 −37:06:11.71 (0.17, 0.23) 2459 ± 4
JaSt 23 17:40:23.067 −27:49:12.00 (0.08, 0.26) 1.51 ± 0.06
IRAS 17375-2759 17:40:38.584 −28:01:02.53 (0.04, 0.12) 4.78 ± 0.15
IRAS 17393-2727 17:42:33.116 −27:28:25.2 (0.23, 0.3) 0.86 ± 0.10
Vy 2-2 19:24:22.204 +09:53:56.2 (0.04, 0.3) 16.53 ± 0.24
K 3-35 19:27:44.029 +21:30:03.5 (0.03, 0.15) 11.9 ± 0.3
aPositional error in right ascension and declination
bFlux density
Table 3. Main parameters of OH lines
Source Transition Vpeak
a Vmin
b Vmax
c S peak
d
∫
S νdv
e
(MHz) (km s−1) (km s−1) (km s−1) (Jy) (Jy km s−1)
NGC 6302 1612 −41.5 −54.7 −32.0 0.586 ± 0.026 4.16 ± 0.04
1665 −43.0 −59.5 −36.4 −0.097 ± 0.026 −0.82 ± 0.03
1667 −45.3 −55.4 −33.6 0.148 ± 0.026 0.42 ± 0.04
1720 −39.9 −54.2 −34.2 −0.159 ± 0.026 −1.71 ± 0.03
JaSt 23 1612 115.7 +104.6 +122.6 1.36 ± 0.04 4.91 ± 0.02
1665 118.2 +103.3 +123.9 0.30 ± 0.03 2.86 ± 0.03
1667 < 0.04
1720 < 0.04
IRAS 17375-2759 1612 +24.1 +18.6 +32.9 0.87 ± 0.04 4.59 ± 0.05
1665 < 0.07
1667 +19.1 +7.2 +32.8 0.38 ± 0.04 3.11 ± 0.07
1720 < 0.07
IRAS 17393-2727 1612 −123.2 −130.3 −89.6 73.7 ± 1.2 235.24 ± 0.06
1665 −116.4 −124.8 −101.6 0.85 ± 0.05 3.48 ± 0.06
1667 −124.5 −145.6 −110.3 1.23 ± 0.05 5.76 ± 0.09
1720 < 0.07
Vy 2-2 1612 −61.2 −64.6 −55.4 4.29 ± 0.06 16.78 ± 0.05
1665 < 0.10
1667 < 0.10
1720 −54.8 −56.2 −54.0 0.15 ± 0.04 0.21 ± 0.06
K 3-35 1612 +9.2 −5.1 +22.4 0.87 ± 0.03 2.22 ± 0.10
1665 +17.4 +16.4 +23.0 0.08 ± 0.03 0.21 ± 0.06
1667 < 0.07
1720 +21.2 +20.6 +22.2 0.21 ± 0.04 0.21 ± 0.03
aLSRK velocity of the peak line emission.
bMinimum LSRK velocity at which emission is detected.
cMaximum LSRK velocity at which emission is detected.
dPeak flux density.
eVelocity-integrated flux density.
explained if there are significant variations in the magnetic
field strength throughout the OH-emitting regions. In this
case, not all the OH emission undergoes the same Zeeman
splitting, and the fitting of Equation 2 cannot provide good
results, as the derivative of the intensity is not a good esti-
mate of the Stokes-V spectrum.
Even for JaSt 23, the results should be taken with care,
as there is no guarantee that the S-shaped V-spectra are ac-
tually indicating Zeeman pairs, but could be the results of
separate areas of gas with different amounts of circular po-
larisation. These possible Zeeman pairs should be observed
with even higher angular resolution, to separate the different
areas where the OH emission arises from, and to ascertain
that the negative and positive peaks of the Stokes-V spec-
trum are at the same position.
We present the general parameters of the OH emission
in these sources in Table 3. In the following we discuss each
source in detail.
3.2 NGC 6302
3.2.1 Radio continuum
The morphology of the continuum emission (Fig. 1) con-
sists of a bright central part, with a deconvolved size of
6.9′′ × 5.4′′, p.a. = 24◦, and a pair of weaker lobes along
the E-W direction, the same direction as the large optical
nebula. The western lobe is more extended, with a size of
≃ 1′. The arc-like features seen at low level ≃ 35′′ north and
south of the continuum peak are likely to be artifacts from
the point-spread function of the observation that could not
MNRAS 000, 1–16 (2016)
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Figure 1. (Top) Contour map of the continuum emission in NGC
6302. The contour levels are 3 × 2n times 0.3 mJy beam−1 (the
rms of the map), with n = 0 to 10. Green and blue filled squares
represent the location of the distinct OH components at 1612
MHz, (−41.5 and −51.4 km s−1, respectively). (Bottom): Contour
map of the continuum emission and and colour map of moment
1 (mean velocity) of the OH emission at 1612 MHz. The colour
scale at the right represents the mean velocity in km s−1. The
filled ellipses represent the synthesized beams of the continuum
(8.4′′ × 4.0′′, p.a. = −15◦) and the OH transition at 1612 MHz
(11.8′′ × 6.1′′, p.a. −18◦).
be properly deconvolved. The lobes seen in our map resem-
ble those seen in the low-resolution map (beam ≃ 12′′ × 8′′)
of Go´mez et al. (1989) at 4.9 GHz. We do not resolve the
ionized torus in the higher resolution map of Go´mez et al.
(1989), which has a size of ≃ 5.0′′ × 2.2′′ and a position an-
gle ≃ −30◦. The bright central emission in our map (p.a.
= 24◦) could be related to the NE-SW extension seen by
Gomez, Rodriguez, & Moran (1993) at 8.4 GHz. The flux
density we measured is consistent with the reported values
of 1.9 Jy (at 1.4 GHz, Condon & Kaplan 1998) and 2.4-3.4
Jy (at 4.9 GHz Go´mez et al. 1989; Wright et al. 1994).
3.2.2 OH lines
Spectra of the four OH lines show similar profiles and
flux density as in Payne, Phillips, & Terzian (1988) and
Zijlstra et al. (1989). The spectrum (Fig. 2) is seen in emis-
sion at 1612 MHz, in absorption at 1665 and 1720 MHz,
and a mixture of emission and absorption at 1667 MHz.
The spectrum at 1612 MHz shows two distinct components
at VLSR ≃ −51.4 and ≃ −41.5 km s
−1, plus a possible ad-
ditional component at ≃ −36 km s−1, blended with the
one at −41.5 km s−1. In Table A1 we list the parameters
of the peak of the two clear components. These two com-
ponents are also seen in CO spectra (Peretto et al. 2007;
Dinh-V-Trung et al. 2008), with a third CO component (at
≃ −22 km s−1) missing in OH. These CO components seem to
trace an expanding disc (the missing CO component would
be the receding hemisphere, not seen in OH probably due to
continuum opacity). The spectrum at 1720 MHz is similar,
but in absorption, to the one at 1612 MHz. This similarity
of the OH profiles at 1612 MHz with the one in absorption
at 1720 MHz and that of CO suggests that the emission at
1612 MHz is thermal, and not maser. Moreover, the velocity
gradient and position of the two main OH components (Fig.
1) are consistent with those of CO, so it is probably tracing
the same structure.
We do not see any polarisation in the OH lines. The
same negative results were obtained by Szymczak & Ge´rard
(2004) and Wolak et al. (2012), although our upper limits
are more stringent by a factor of ≃ 3.
3.3 JaSt 23
3.3.1 Radio continuum
Our radio continuum map shows a point source, with
flux density 1.51 ± 0.06 mJy. The flux density reported by
Van de Steene & Jacoby (2001) was 3.7 ± 0.4 mJy at 6 cm,
and 3.9 ± 0.4 at 3 cm (source size < 1.80′′). Their reported
position is compatible with ours.
3.3.2 OH lines
We clearly detect OH emission at 1612 and 1665 MHz, with
their spectra consisting in several velocity components (Fig.
4 and Table A2). Weak emission at 1667 MHz seems also to
be present, at VLSR ≃ 107.2 km s
−1. Sevenster et al. (1997),
with a coarser spectral resolution, detected a single, wide
spectrum at 1612 MHz (source OH 0.344 +1.567) centered
at 115.2 km s−1. Gonidakis et al. (2014) did not detect po-
larised emission at either 1665 or 1667 MHz.
In our spectra, most of the detected OH emission is un-
polarised, except for the component at ≃ 118 − 119 km s−1
in both the 1612 and 1665 MHz transitions, which shows
some circular polarisation (maximum polarisation fractions
pc = 0.08 and 0.13 at 1612 and 1665 MHz, respectively). The
spectra of the V Stokes parameter have low signal to noise
ratio, but its shape at 1665 MHz might be due to Zeeman
splitting. Assuming a Zeeman shift lower than the Doppler
linewidth, a fit to equation 2, gives a value of ≃ 0.8 mG for
the magnetic field, for saturated maser emission and planar
morphology. If the shift of the circularly polarised emission
MNRAS 000, 1–16 (2016)
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Figure 2. Left: OH spectra toward NGC 6302 in Stokes I and V. Right: Circular (red and blue) and linear (black) polarisations in NGC
6302. Linear polarisation has been arbitrarily displaced from a baseline level of 0 for better visualization.
Figure 3. Contour map of the continuum emission in JaSt 23.
The contour levels are 3×2n times 15 µJy beam−1 (the rms of the
map), with n = 0 to 5. The black square and diamond mark the
location of peak emission at 1612 and 1665 MHz, respectively. The
filled ellipse represents the synthesized beam of the continuum
image (11.4′′ × 3.7′′, p.a. = 0◦)
where larger than the Doppler linewidth, the estimated mag-
netic field would be ≃ 3 mG.
Both solutions (Zeeman shift larger or smaller than the
Doppler linewidth) are, in principle, possible. OH maser
emission arises from the outer, cold layers of circumstellar
envelopes (a few times 1016 cm from the central star, Elitzur
1982), with gas kinetic temperatures ≃ 50 − 150 K (Elitzur
1978; Cesaroni & Walmsley 1991), corresponding to thermal
OH linewidths of ≃ 0.4 − 0.6 km s−1. This is larger than the
shift of ≃ 0.24 km s−1 in each of the circularly polarised com-
ponents that would be created by a magnetic field strength
of ≃ 0.8 mG, but smaller than the shift of ≃ 0.9 km s−1 for
the case of B = 3 mG.
3.4 IRAS 17375-2759
This source was not one of our main targets, but it is located
12.3′ from the phase centre of the observation toward JaSt
23, i.e., within the primary beam of ATCA (FWHM ≃ 30′
at 1612 MHz). Unlike the other five sources observed in this
paper, which are confirmed OHPNe (Uscanga et al. 2012),
the nature of IRAS 17375-2759 is uncertain. Uscanga et al.
(2012) list it as a possible OHPN, since it presents both radio
continuum and OH emission, but there is no confirmation
that the source is a PN.
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Figure 4. Left: OH maser spectra toward JaSt 23 in Stokes I and V. Right: Circular (red and blue) and linear (black) polarisations in
JaSt 23. Linear polarisation has been arbitrarily displaced from a baseline level of 0 for better visualization.
3.4.1 Continuum
We detect unresolved radio continuum emission, with a flux
density of 4.78 ± 0.15 mJy (obtained after applying the
correction of the primary beam response). Pottasch et al.
(1988) reported a point source of 2.6 mJy at 6 cm. Our
higher flux at longer wavelength is not expected if the
emission is due to free-free processes in an ionized neb-
ula, unless the emission is variable. Possible explanations
of the higher flux density found in our more recent obser-
vations could be the expansion of a dense ionized nebula
(e.g. Kwok & Feldman 1981; Christianto & Seaquist 1998;
Go´mez et al. 2005) or the presence of non-thermal emis-
sion processes (e.g. Pe´rez-Sa´nchez et al. 2013; Sua´rez et al.
2015). Quasiperiodic variability due to changes in mass-
loss processes is also possible (Sa´nchez Contreras et al. 2004;
Cerrigone et al. 2011). Simultaneous observations at differ-
ent wavelengths would be needed to ascertain the nature of
the emission.
3.4.2 OH lines
We detect OH emission at 1612 and 1667 MHz (Fig. 6).
Three and two distinct components are identified in the 1612
and 1667 MHz spectra, respetively (Table A3). Our spectra
are very similar to those reported by Szymczak & Ge´rard
(2004) and Wolak et al. (2012) using the Nanc¸ay antenna.
However, unlike these authors, who report circular polari-
Figure 5. Contour map of the continuum emission in IRAS
17375-2759. The contour levels are 3×2n times 27 µJy beam−1 (the
rms of the map), with n = 0 to 5. The black square marks the loca-
tion of peak emission at 1612 MHz. The other maser components
appear at the same location in the image. The filled ellipse repre-
sents the synthesized beam of the continuum image (11.4′′ × 3.7′′,
p.a. = 0◦).
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sation fractions of ≃ 7 − 15% at 1612 MHz, we do not see
any significant polarisation at either 1612 or 1667 MHz, with
upper limits below these reported values.
3.5 IRAS 17393-2727 (OH 0.9+1.3)
3.5.1 Continuum
We detected a radio continuum source with flux density
0.86 ± 0.10 mJy (Fig. 7 and Table 2), which is consistent
with other data in the literature (< 3 mJy at 2 cm, 1.4 mJy
at 6 cm, Pottasch, Bignell, & Zijlstra 1987), for an ionized
region. The main NW-SE elongation seen in Fig. 7 is obvi-
ously due to the beam elongation. The deconvolved size of
the source is 2.9′′×1.6′′, p.a. = −26◦, with an orientation close
to the optical nebula seen in HST images (Manteiga et al.
2011). In addition, there is a bulging in the lowest contours,
along p.a. = 13◦, which may correspond to a weaker exten-
sion of the ionized nebula.
3.5.2 OH lines
We detected multiple components at 1612, 1665, and 1667
MHz (Fig. 8). The spectrum at 1612 MHz is variable, and we
find the highest peak flux density reported so far in the lit-
erature (Pottasch et al. 1987; te Lintel Hekkert et al. 1989;
Kerr & Bowers 1974; Migenes et al. 1995; Sevenster et al.
1997; Wolak et al. 2012). In fact, it shows a steady increase,
of about 1 Jy per year (Migenes et al. 1995). We note a wide
plateau of emission at 1667 MHz, of ≃ 0.14 Jy at VLSR ≃ −145
to -130 km s−1. Zijlstra et al. (1989) also mention the pres-
ence of a weak plateau in the the spectrum at 1667 MHz,
over the velocity range covered by the emission at 1612 MHz.
The plateau we detected at 1667 MHz is stronger and ex-
tends beyond the velocity range of OH at 1612 MHz.
We detect circular polarisation at all three transitions,
and significant linear polarisation at 1612 and 1667 MHz
(Fig. 8, 9). The polarisation levels are similar to those found
in the past with single-dish antennas (Szymczak & Ge´rard
2004; Wolak et al. 2012). The spectra of Stokes V at both
1612 and 1667 MHz shows S-shaped spectra suggestive of
Zeeman splitting. No reasonable fit was found assuming that
the Zeeman shift is smaller than the Doppler linewidth. If
we assume it is larger, we estimate a magnetic field of 12-24
mG for the emission at −120 to −123 km s−1, and 6 mG for
that at ≃ −93 km s−1.
The position angles of the linear polarisation (Table
A4) do not show any obvious trend from which to com-
pare the magnetic field orientation with the morphology of
the nebula. The scatter among the different OH components
is so large that it seems random. The absence of any or-
dered pattern in the magnetic field direction may be due to
a local mass-loss outburst affecting the OH-emitting region
(Wolak et al. 2012).
3.6 Vy 2-2
3.6.1 Continuum
We detected an unresolved radio continuum source, with
a flux density of 16.53 ± 0.24 mJy. The radio continuum
emission from this source has been extensively studied
in the literature. The flux density we found is consistent
with that reported elsewhere at similar wavelengths (e.g.,
Purton et al. 1982; Seaquist & Davis 1983; Seaquist 1991;
Condon & Kaplan 1998). Christianto & Seaquist (1998)
found variability in its flux density, specially at ≃ 1.5 GHz,
which can be explained as expansion of the ionized nebula.
3.6.2 OH lines
This source shows a wide profile of OH emission at
1612 MHz (extending for a range of > 9 km s−1, Fig.
11 and Table A5), with a similar flux density as re-
ported before (e.g., Davis et al. 1979; Seaquist & Davis
1983; Zijlstra et al. 1989). Moreover, we clearly detect a sin-
gle component of OH emission at 1720 MHz. This type of
emission is extremely rare in evolved stars, and so far only
two other PNe, K 3-35 (Go´mez et al. 2009, see also section
3.7.2 in this paper) and IRAS 16333-4807 (Qiao et al. 2016),
have been reported to show emission at this transition. We
do not detect emission at 1665 or 1667 MHz.
The emission at 1612 MHz seems to be polarised, with
levels 0.013 and 0.024 (circular and linear polarisation, re-
spectively). The level of linear polarisation is similar to
that found by Szymczak & Ge´rard (2004) and Wolak et al.
(2012), but the circular polarisation is lower in our data, by
a factor of ≃ 5 − 8.
3.7 K 3-35
3.7.1 Continuum
We found an unresolved continuum source with flux density
11.9 ± 0.3 mJy (Fig. 12). A gaussian fit gives a deconvolved
size of 2.4 × 0.5′′, p.a. = 7◦ for this source. The radio contin-
uum emission from this source has been extensively studied
in the past, but the observations closest in frequency to ours
are those of Aaquist (1993), Condon & Kaplan (1998) and
Go´mez et al. (2009), with flux densities of 14.6 ± 0.6 (1.4
GHz), 20 mJy (1.5 GHz) and 18 ± 1 mJy (1.7 GHz), as well
as deconvolved sizes of 1.96′′ × 0.48′′, p.a. = 13◦ (1.5 GHz)
and ≃ 1.8′′ × 0.5′′, p.a. = 16◦ (1.7 GHz). Given the different
central frequency and bandwidths of the observations, and
the calibration uncertainties, we can not conclude that this
source has changed significantly.
3.7.2 OH lines
The shape of the spectra of Stokes I of all four transitions
(Fig. 13 and Table A6) are similar to those reported in pre-
vious works (e.g., Go´mez et al. 2009; Desmurs et al. 2010),
although the flux density is significantly lower in all cases.
The position of all our maser components are compatible
among them and with the continuum peak, within the er-
rors.
We only detect significant polarisation in the compo-
nents around VLSR ≃ 21 − 22 km s
−1 at 1612, 1665, and 1720
MHz. Its polarisation fraction is 0.71 ± 0.25 and 0.50 ± 0.23
at 1612 and 1720 MHz, respectively. The signal-to-noise ra-
tio of the signal in Stokes V is too low to get a meaningful
estimate of this polarisation fraction at 1665 MHz.
We notice some differences in the polarisation proper-
ties we see and those reported by Go´mez et al. (2009). First,
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Figure 6. Left: OH maser spectra toward IRAS 17375-2759 in Stokes I and V. Right: Circular (red and ble) and linear (black) polarisations
in IRAS 17375-2759. Linear polarisation has been arbitrarily displaced from a baseline level of 0 for better visualization.
Figure 7. Contour map of the continuum emission in IRAS
17393-2727. The contour levels are 3×2n times 25 µJy beam−1 (the
rms of the map), with n = 0 to 3. The black square marks the loca-
tion of peak emission at 1612 MHz. The other maser components
appear at the same location in the image. The filled ellipse repre-
sents the synthesized beam of the continuum image (13.6′′ × 4.5′′,
p.a. = −37◦).
the sign of the Stokes V signal at 1720 MHz is reversed:
in our data, the 1720 MHz emission is dominated by LCP,
but it was by RCP in Go´mez et al. (2009). We cannot con-
firm the Zeeman splitting suggested by these authors in the
1665 MHz transition, although the significant decrease of
flux density (a factor of 4) in our data makes this spectrum
very noisy. Overall, we see no sign of Zeeman splitting in
any of the OH transitions.
4 DISCUSSION
With the observations in this paper, we now have interfero-
metric polarimetric observations of OH emission in all known
OHPNe: those presented in our paper (except IRAS 17375-
2735, which is not a confirmed member of this class), to-
gether with IRAS 17347-3139 (Tafoya et al. 2009) and IRAS
16333-4807 (Qiao et al. 2016). Therefore, we can know dis-
cuss some interesting properties of these sources as a group.
4.1 Spectral shapes and evolution
As pointed out by other authors (e.g., Zijlstra et al. 1989)
all OHPNe show spectral shapes that differ from the double-
peaked profile typical of AGB stars. While those double-
peaked profiles are believed to arise from the approach-
ing and receding sides of the AGB envelope (Reid 1976),
the departure from that spectral pattern in post-AGB stars
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Figure 8. Left: OH maser spectra toward IRAS 17393-2727 in Stokes I and V. Right: Circular (red and blue) and linear (black)
polarisations in IRAS 17393-2727. Linear polarisation has been multiplied by 5, and arbitrarily displaced from a baseline level of 0, for
better visualization.
and PNe is interpreted as evidence of the presence of non-
spherical mass-loss (Deacon, Chapman, & Green 2004).
Moreover, we note significant differences also among the
spectral profiles of OHPNe, specially at 1612, 1665, and 1667
MHz. The OH spectrum of some sources is dominated by
separate, narrow features (∆V <
∼
1 km s−1), easily identifiable
in the spectrum. This would be the case of K 3-35 (Fig.
13), IRAS 17347-3139 (Tafoya et al. 2009), and IRAS 16333-
4807 (Qiao et al. 2016). On the other hand, the rest of the
confirmed OHPNe (NGC 6302, JaSt 23, IRAS 17393-2727,
Vy 2-2) show smoother and wider spectra. These smoother
spectra could be the result of blending of multiple narrow
features, spectrally and spatially unresolved, as suggested
by the presence of local maxima across the spectra. If these
features are numerous and with small velocity separations,
they could give rise to complex spectra, as opposed to a few,
well-separated features.
We note that all the OHPNe with narrow-feature spec-
tra are also emitters of water masers (Miranda et al. 2001;
de Gregorio-Monsalvo et al. 2004; Uscanga et al. 2014). A
possible exception is IRAS 17393-2727, which might also
harbour water masers (Go´mez et al. 2015), but shows com-
plex OH spectra. The association of water masers with this
source has not been yet confirmed with interferometer ob-
servations.
These PNe showing both OH and water masers has been
suggested to be the youngest among the group of maser-
emitting PNe (Go´mez et al. 2015). Therefore, it seems that
OH emission at the beginning of the PN phase is character-
ized by narrow, well-defined spectral features. Considering
that OH masers are pumped under very particular physical
conditions, it means that the regions of the circumstellar en-
velope where these masers are pumped in the youngest OH-
PNe are relatively limited. As the PNe evolve, larger regions
of the envelope can show OH emission, then producing more
complex spectra. It is even possible that there is significant
contribution of thermal OH emission from dense regions, in
addition to OH masers.
Specially in the case of NGC 6302, the OH emission
could be dominated by (or being entirely) of thermal emis-
sion. This questions its inclusion within the same class of
sources as other PNe clearly showing maser emission, with
narrow and variable spectral features (e.g., K 3-35, IRAS
16333-4807, IRAS 17347-3139). This would explain the ap-
parent discrepancy between the supposed extreme youth of
PNe with OH emission, and the large size and optical brigh-
ness of NGC 6302, which suggested that it was in a more
evolved stage than other OHPNe. Later in the PNe evolu-
tion, the growth of dense circumstellar toroids could give
rise to detectable thermal OH emission (as in NGC 6302),
but these objects should not be confused with the younger
MNRAS 000, 1–16 (2016)
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Figure 9. Spectral zoom of circular (Stokes V, black line) and
linear polarisation (blue line) toward IRAS 17393-2727, at 1612,
1665, and 1667 MHz. In the two last panels, linear polarisation
has been arbitrarily displaced from a baseline level of 0 for better
visualization.
OH-maser emitters, as may not have much in common from
a morphological or evolutionary point of view.
We note that OH emission at 1720 MHz shows narrow
features in all sources where it has been detected. This type
of emission is discussed in section 4.3.
4.2 Polarisation and evolution
We detected circular polarisation in all confirmed OHPN
sources except NGC 6302. The unconfirmed OHPN IRAS
17375-2735 does not show any polarisation. Significant lin-
ear polarisation is only detected in IRAS 17393-2727 and
Vy2-2. OHPNe show, in general, low levels (<
∼
25%) of circu-
lar polarisation. Higher polarisation fractions are only seen
in IRAS 17393-2727 (up to 36%), K 3-35 (72%) and IRAS
16333-4807 (≃ 100%, Qiao et al. 2016). We do not see a
clear pattern with regards to these polarisation fractions.
There seems to be a trend of higher circular polarisation
fractions in sources that show water masers in addition to
OH emission, but IRAS 17347-3139 is a outstanding excep-
tion, since it does not show any significant circular polarisa-
tion (Tafoya et al. 2009).
Figure 10. Contour map of the continuum emission in Vy 2-2.
The countour levels are 3 × 2n times 40 µJy beam−1 (the rms of
the map). The open square and filled diamond mark the location
of the emission at 1612 and 1720 MHz, respectively. The filled
ellipse represents the synthesized beam of the continuum image
(25.2′′ × 3.5′′, p.a. = 1◦)
Wolak et al. (2012) found that post-AGB stars and
PN have highest fractional polarisation, compared with
AGB (OH/IR) stars. Here we found a possible trend that
younger PNe have higher polarisation fractions than the
more evolved ones. However, the lack of confirmed Zee-
man pairs in OHPNe (only those in IRAS 16333-4807 seem
indisputable, Qiao et al. 2016) precludes a quantification of
magnetic field strengths to support whether this apparent
trend in fractional polarisation may indicate a maximum
in the magnetic field strength around the end of the post-
AGB and early PN phase. Interferometric observations of
OH with Very Large Baseline Interferometry would be nec-
essary to spatiality resolve the polarised emission, to isolate
Zeeman pairs.
4.3 OH emission at 1720 MHz in PNe
Of particular interest is the detection of OH emission at
1720 MHz in Vy 2-2. This transition is commonly seen asso-
ciated with shocks created by supernova remnants on molec-
ular clouds (Frail et al. 1996; Green et al. 1997) and in star-
forming regions (e.g., Walsh et al. 2016). However, it is ex-
tremely rare in low and intermediate-mass evolved stars. No
AGB star has been reported to show emission at 1720 MHz
(Sevenster & Chapman 2001), and it has been confirmed in
only one post-AGB star (OH 9.1-0.4 Sevenster & Chapman
2001; Deacon et al. 2004). On the other hand, this paper
completes the census of 1720 MHz emission in all OHPNe
sources, which has yielded its detection in three sources (out
of the seven confirmed OHPNe): K 3-35 (Go´mez et al. 2009,
and Fig. 13), IRAS 16333-4807 (Qiao et al. 2016), and Vy
2-2 (Fig. 11).
Thus, it is clear that considering evolved sources
showing OH emission at the other ground-state transi-
tions, the emission at 1720 MHz is far more common
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Figure 11. Left: OH maser spectra toward Vy 2-2 in Stokes I and V. Right: Circular (red and blue) and linear (black) polarisations in
Vy 2-2. Linear polarisation has been multiplied by 10 and arbitrarily displaced from a baseline level of 0 for better visualization.
Figure 12. Contour map of the continuum emission in K 3-35.
The contour levels are 3×2n times 50 µJy beam−1 (the rms of the
map), with n = 0 to 6. The open squares mark the location of the
OH peaks at 1612 MHz. The filled diamond marks the peak at
1720 MHz. The filled ellipse represents the synthesized beam of
the continuum image (14.2′′ × 3.2′′, p.a. = 1◦)
in PNe than in AGB and post-AGB stars. This tran-
sition is thought to be collisionally excited in C-shocks
(Lockett, Gauthier, & Elitzur 1999; Wardle & McDonnell
2012), which are non-dissociative shocks produced in the
presence of magnetic fields (Draine 1980). This is in contrast
with the other three ground-state OH transitions, which
are radiatively pumped (Elitzur, Goldreich, & Scoville 1976;
Collison & Nedoluha 1994). The particular incidence of
emission at 1720 MHz in PNe could be related to particular
mass-loss processes ocurring after the beginning of photoion-
ization. Qiao et al. (2016) suggested that the presence of OH
emission at 1720 MHz could trace the ejection of equatorial
mass-loss, during the early PN phase.
Considering that the detected spectrum of Vy 2-2 at
1720 MHz has only a component, and it is located very close
to the centre of the radio continuum emission, it is not pos-
sible from our data to determine whether it is actually aris-
ing from an equatorial ejection. Further observations with
higher angular resolution would be necessary to determine
the structure where this emission arises from.
In the comparison of Vy 2-2 with the other two PNe
with OH emission at 1720 MHz, a remarkable difference is
that the former does not show any significant circular polar-
isation, whereas the polarisation fraction of this emission is
≃ 50% in K 3-35 (Table A6) and ≃ 100% in IRAS 16333-4807
(Qiao et al. 2016). If the emission at 1720 MHz is produced
in magnetized shocks, one would expect it to be circularly
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Figure 13. Left: OH maser spectra toward K 3-35 in Stokes I and V. Right: Circular (red and blue) and linear (black) polarisations in
K 3-35. Linear polarisation has been arbitrarily displaced from a baseline level of 0 for better visualization.
polarised. It is possible that in Vy 2-2 the magnetic field in
the shock is aligned near the plane of the sky.
Another interesting comparison can be made with re-
spect to the excited-state OH emission at 6035 MHz. This
emission has only been observed in two PNe: Vy 2-2
(Jewell, Schenewerk, & Snyder 1985; Desmurs et al. 2002)
and K 3-35 (Desmurs et al. 2010). Since these objects are
also emitters of OH at 1720 MHz (note that there is no re-
ported observation of excited-state OH towards IRAS 16333-
4807), one can speculate whether the emission of these two
transitions can be produced in the same regions and/or share
a similar pumping mechanism. However, the behaviour of
these two lines is different in these objects. While the spec-
tra at both 1720 and 6035 MHz peak at a similar velocity
in K 3-35 (Desmurs et al. 2010), suggesting that they might
arise from the same region, there is a significant shift of ≃ 8
km s−1 between the two transitions in Vy 2-2 (Desmurs et al.
2002, and Fig. 11). It is obviously impossible to draw firm
conclusions from only two sources, but our results show that
the OH emission at 1720 and 6035 MHz is not necessarily re-
lated. Sensitive studies of these two relatively little-studied
transitions in evolved objects would be necessary to under-
stand their excitation mechanism and locations.
5 CONCLUSIONS
We have carried out interferometric, full-polarisation obser-
vations of the four ground-state transitions of OH at 18 cm,
toward five OHPNe, plus one OHPNe candidate. Our con-
clusions are as follow:
(i) We detect both radio continuum and OH emission at
1612 MHz in all sources. Emission or absorption at 1665
and 1667 MHz is detected in 3 and 2 sources, respectively.
Emission at 1720 GHz is detected in Vy 2-2 (new detection)
and K 3-35. Thus, Vy 2-2 is the third PNe known to harbour
emission at this OH transition.
(ii) Circular polarisation is found in four of the six
sources, while linear polarisation seems to be present in two
of them. The polarisation fractions of these sources are, in
general, low (< 25%), except for IRAS 17393-2727 and K
3-35.
(iii) Possible Zeeman pairs are found in JaSt 23 and
IRAS 17393-2727, yielding estimates of the magnetic fields
strength along the line of sight of 0.8-3 and 6-24 mG, re-
spectively.
(iv) Our data suggest some evolutionary trends, with nar-
row maser features and higher polarisation fractions in the
younger PNe. OHPN sources which are somewhat more
evolved show wider, more complex spectra, probably with
a significant contribution from thermal OH emission.
(v) Shock-excited OH emission at 1720 MHz seems to be
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more common in PNe than in AGB and post-AGB stars.
This could be related to the presence of equatorial ejections
during the early PN phase.
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APPENDIX A: PARAMETERS OF THE
INDIVIDUAL OH COMPONENTS
In these tables we list the velocity, position, flux density,
and polarisation fraction of the individual spectral features
that we could identify. We only list features higher than 2
sigma over several contiguous channels. Some components
are clearly detected in the spectra, but they are too weak to
obtain meaningful values of spatial location and polarisation
fractions and therefore, these values are left blank in their
corresponding table entry.
This paper has been typeset from a TEX/LATEX file prepared by
the author.
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Table A1. OH components in NGC 6302 at 1612 MHz.
VLSRK R.A.(J2000) Dec(J2000) Error S ν pc pl
km s−1 (arcsec) (Jy)
−51.4 17:13:44.59 −37:06:15.8 (0.3, 0.5) 0.103 ± 0.024 < 0.22 < 0.4
−41.5 17:13:44.330 −37:06:10.7 (0.17, 0.3) 0.586 ± 0.026 < 0.04 < 0.07
Table A2. OH components in JaSt 23.
line VLSRK R.A.(J2000) Dec(J2000) Error S ν pc pl
(MHz) (km s−1) (arcsec) (Jy)
1612 110.1 17:40:23.077 −27:49:12.0 (0.10, 0.3) 0.87 ± 0.03 < 0.022 < 0.04
1612 112.8 17:40:23.067 −27:49:12.0 (0.11, 0.3) 1.19 ± 0.03 < 0.016 < 0.03
1612 115.7 17:40:23.070 −27:49:12.07 (0.08, 0.23) 1.36 ± 0.04 < 0.014 < 0.022
1612 119.3 17:40:23.075 −27:49:12.2 (0.13, 0.4) 1.05 ± 0.03 0.081 ± 0.014 < 0.03
1665 115.3 17:40:23.038 −27:49:12.9 (0.10, 0.3) 0.350 ± 0.023 < 0.05 < 0.09
1665 118.2 17:40:23.066 −27:49:12.4 (0.15, 0.4) 0.30 ± 0.03 0.13 ± 0.05 < 0.11
Table A3. OH components in IRAS 17375-2759. Corrected by primary beam
line VLSRK R.A.(J2000) Dec(J2000) Error S ν pc pl
(MHz) (km s−1) (arcsec) (Jy)
1612 +22.5 17:40:38.575 -28:01:02.5 (0.18, 0.5) 0.82 ± 0.04 < 0.023 < 0.04
1612 +24.1 17:40:38.574 -28:01:02.3 (0.17, 0.5) 0.87 ± 0.04 < 0.022 < 0.03
1612 +30.4 17:40:38.52 -28:01:03 (0.9, 3) 0.20 ± 0.04 < 0.09 < 0.15
1667 +8.6 0.04 ± 0.04
1667 +19.1 17:40:38.59 -28:01:02.1 (0.3, 0.9) 0.38 ± 0.04 < 0.05 < 0.11
Table A4. OH components in IRAS 17393-2727.
line VLSRK R.A.(J2000) Dec(J2000) Error S ν pc pl ψ
(MHz) (km s−1) (arcsec) (Jy) (deg)
1612 −123.2 17:42:33.14 -27:28:25.5 (0.3, 0.3) 73.7 ± 1.2 0.0370 ± 0.0007 0.0411 ± 0.0006 −33.2 ± 0.6
1612 −122.4 17:42:33.13 -27:28:25.4 (0.4, 0.4) 52.1 ± 1.2 0.0094 ± 0.0009 0.0155 ± 0.0008 +37.6 ± 2.2
1612 −120.7 17:42:33.136 -27:28:25.4 (0.23, 0.3) 37.9 ± 0.4 0.1039 ± 0.0013 0.0255 ± 0.0011 +10.2 ± 1.9
1612 −117.7 17:42:33.14 -27:28:25.6 (0.3, 0.3) 5.07 ± 0.10 0.097 ± 0.010 0.130 ± 0.008 −12.42 ± 0.05
1612 −114.8 17:42:33.15 -27:28:25.8 (0.4, 0.5) 3.17 ± 0.08 0.363 ± 0.020 0.062 ± 0.014 +40.58 ± 0.08
1612 −111.5 17:42:33.14 -27:28:25.5 (0.8, 1.0) 0.88 ± 0.04 0.14 ± 0.06 0.08 ± 0.05 −39.8 ± 0.5
1612 −93.4 17:42:33.13 -27:28:25.6 (0.7, 0.8) 1.38 ± 0.04 0.08 ± 0.04 0.05 ± 0.03 −1.1 ± 0.5
1665 −124.2 17:42:33.10 -27:28:25.1 (2.0, 2.4) 0.32 ± 0.04 0.25 ± 0.14 < 0.3
1665 −116.4 17:42:33.13 -27:28:25.6 (0.3, 0.4) 0.85 ± 0.05 0.26 ± 0.03 < 0.06
1665 −112.7 17:42:33.2 -27:28:26 (3, 3) 0.19 ± 0.05 < 0.16 < 0.3
1665 −111.0 17:42:33.1 -27:28:27 (5, 6) 0.14 ± 0.05
1665 −103.0 17:42:33.1 -27:28:24 (5, 5) 0.10 ± 0.05
1667 −126.4 17:42:33.16 -27:28:25.5 (1.1, 1.3) 0.39 ± 0.04 0.11 ± 0.05 < 0.4
1667 −124.5 17:42:33.16 -27:28:26.0 (0.8, 0.9) 1.23 ± 0.05 0.13 ± 0.02 0.18 ± 0.04 +41.24 ± 0.17
1667 −122.3 17:42:33.17 -27:28:25.7 (2.0, 2.0) 0.18 ± 0.04 < 0.3 < 0.5
1667 −120.0 17:42:33.12 -27:28:25.5 (0.8, 1.0) 0.41 ± 0.04 0.15 ± 0.03 < 0.13
1667 widea 17:42:33.15 -27:28:25.5 (0.5, 0.6) ≃ 0.14 < 0.23 < 0.4
aWide component, from ≃ −145 to −130 km s−1
Table A5. OH components in Vy 2-2.
line VLSRK R.A.(J2000) Dec(J2000) Error S ν pc pl ψ
(MHz) (km s−1) (arcsec) (Jy) (deg)
1612 −61.9 19:24:22.183 +09:53:56.5 (0.07, 0.5) 4.33 ± 0.06 0.013 ± 0.006 0.022 ± 0.013 +18.9 ± 0.4
1720 −54.8 19:24:22.21 +09:53:57 (0.9, 6) 0.15 ± 0.04 < 0.3 < 0.5
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Table A6. OH components in K 3-35.
line VLSRK R.A.(J2000) Dec(J2000) Error S ν pc pl
(MHz) (km s−1) (arcsec) (Jy)
1612 −4.8 0.06 ± 0.03
1612 −2.7 19:27:44.11 +21:30:05 (1.1, 4) 0.10 ± 0.03
1612 +9.2 19:27:44.03 +21:30:04.4 (0.3, 1.7) 0.87 ± 0.03 < 0.05 < 0.08
1612 +18.9 19:27:44.02 +21:30:03.0 (0.4, 1.7) 0.33 ± 0.03 < 0.14 < 0.22
1612 +21.8 19:27:44.02 +21:30:02 (1.4, 6) 0.20 ± 0.04 0.72 ± 0.25 < 0.3
1665 +17.4 0.08 ± 0.03
1665 +22.1 0.07 ± 0.04
1720 +21.2 19:27:44.02 +21:30:00.9 (0.4,1.7) 0.21 ± 0.04 0.50 ± 0.23 < 0.4
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